Nitrate reductase from Penicillium chrysogenum. Purification and kinetic mechanism.
Nitrate reductase (NADPH:nitrate oxidoreductase; EC 1.6.6.1-3) was purified to apparent homogeneity from mycelium of Penicillium chrysogenum. The final preparation catalyzed the NADPH-dependent, FAD-mediated reduction of nitrate with a specific activity of 170-225 units X mg of protein-1. Gel filtration and glycerol density centrifugation yielded, respectively, a Stokes radius of 6.3 nm and an s20,w of 7.4. The molecular weight was calculated to be 199,000. On sodium dodecyl sulfate gels, the enzyme displayed two almost contiguous dye-staining bands corresponding to molecular weights of about 97,000 and 98,000. The enzyme prefers NADPH to NADH (kspec ratio = 2813), FAD to FMN (kspec ratio = 141), FAD (+ NADPH) to FADH2 (kspec ratio = 12,000), and nitrate to chlorate (kspec ratio = 4.33), where the kspec (the specificity constant for a given substrate) represents Vmax/Km. The Penicillium enzyme will also catalyze te NADPH-dependent, FAD-mediated reduction of cytochrome c with a specific activity of 647 units X mg of protein-1 (Kmcyt = 1.25 X 10(-5) M), and the reduced methyl viologen (MVH2, i.e. methyl viologen + dithionite)-dependent, NADPH and FAD-independent reduction of nitrate with a specific activity of 250 units X mg of protein-1 kmMVH2 = 3.5 X 10(-6) M). Initial velocity studies showed intersecting NADPH-FAD and nitrate-FAD reciprocal plot patterns. The NADPH-nitrate pattern was a series of parallel lines at saturating and unsaturating FAD levels. NADP+ was competitive with NADPH, uncompetitive with nitrate (at saturating and unsaturating FAD levels), and a mixed-type inhibitor with respect to FAD. Nitrite was competitive with nitrate, uncompetitive with NADPH (at saturating and unsaturating FAD levels), and a mixed-type inhibitor with respect to FAD. At unsaturating nitrate and FAD, NADPH exhibited substrate inhibition, perhaps as a result of binding to the FAD site(s). At very low FAD concentrations, low concentrations of NADP+ activated the reaction slightly. The initial velocity and product inhibition patterns are consistent with either of the two kinetic mechanisms. One (rather unlikely) mechanism involves the rapid equilibrium random binding of all ligands with (a) NADP+ and NADPH mutually exclusive, (b) nitrate and nitrite mutually exclusive, (c) the binding of NADPH strongly inhibiting the binding of nitrate and vice versa, (d) the binding of NADPH strongly promoting the binding of nitrite and vice versa, and (e) the binding of nitrate strongly promoting the binding of NADP+ and vice versa...